The incidence of postoperative hypomagnesemia in patients undergoing spinal surgery has been reported to be 70%. Ionized magnesium is considered to be the biologically active form, but until the early 1990s, only the total magnesium concentration could be measured. Currently, the ionized magnesium concentration as well as total magnesium concentration can be assessed due in part to the development of a selective electrode. The aim of this study was to more fully characterize the changes in the total and ionized magnesium concentrations in patients undergoing elective spinal fusion surgery.
INTRODUCTION
The development of hypomagnesemia in postoperative or critically ill patients has been reported in previous studies. 1, 2) Hypomagnesemia has been associated with prolonged intensive care unit (ICU) hospitalization and increased mortality in both medical and surgical patients. [3] [4] [5] However, only a few orthopedic patients with a magnesium deficiency have been reported in the medical literature. 6) Place et al. 7) demonstrated a 70%
incidence of hypomagnesemia in patients after spinal surgery.
However, only the total magnesium (Mg) concentrations were measured; ionized magnesium (iMg) concentrations were not, even though this form of magnesium is the physiologically active unbounded portion. 8) In fact, studies comparing Mg and iMg concentrations have revealed a poor correlation, particularly after cardiopulmonary bypass or a massive transfusion. 9, 10) The need for parallel measurement of Mg and iMg concentrations was suggested. 11) Therefore, an investigation into the relationship between Mg and iMg and perioperative morbidity was more important.
Ionized magnesium comprises approximately 70% of Mg in blood, and only a fraction of this is available for biological processes. 12) However, due to previous difficulties in the measurement of iMg concentrations in the clinical setting, changes in iMg concentrations has not been sufficiently studied. 13, 14) Nowadays, a selective electrode that measures iMg concentrations, which is clinically important, was developed and has become clinically available. 15) We performed a study that more fully characterizes the changes in serum Mg and iMg concentrations in patients undergoing elective spinal fusion surgery. Values are expressed as mean ± SD, or as number of patients. Values are expressed as mean ± SD.
MATERIALS AND METHODS
After obtaining Institutional Review Board approval from our hospital, along with written informed consent from the patients and their relatives, we enrolled 30 adult patients who were to undergo spinal surgery (Table 1) . Patients who exhibited elevated serum creatinine levels (＞ 0.11 mM/L) in the preoperative evaluation, or patients with a history of renal and metabolic disease were excluded from the study. range, 1,300 to 5,800 ml), while nineteen patients also received colloid without magnesium (mean, 282 ml; range, 100 to 500 ml). No patients received supplemental magnesium boluses ( Table 2 ).
Mg and iMg decreased significantly, as compared with preoperative values (P = 0.0001 and 0.0033, respectively) ( Fig. 1 ).
Hematocrit and albumin decreased, too ( Table 3 ).
The response variables were defined as the percent change S 39 Values are expressed mean ± SD. FEMg: Urinary magnesium excretion fraction = (UMg × PCr)/(O.7 × PMg) × UCr × 100 (%).
*: p ＜ 0.05 compared to preoperative value. Fig. 1 . Relationship between the changes in total magnesium (Mg) and ionized magnesium (iMg) concentrations. Correlation coefficient between Mg and iMg was 0.358 and P value was 0.052. (Fig. 2) . There was not a significant correlation between urine Mg and the percent changes of either iMg or Mg. The FEMg of preoperative and postoperative value was 2.4 ± 1.7% and 2.7 ± 1.9%, respectively.
DISCUSSION
Our results showed that both Mg and iMg levels decreased conservatively during spinal surgery. Place et al. 7) previously performed a study on this topic and reported a 70% incidence of total hypomagnesemia in patients who underwent spinal fusion surgery. It has been shown that hypomagnesemia occurs in 40% of hospitalized patients, 16) approximately 60% of postoperative patients, 6 ) 65% of medical intensive care unit patients, and in 90% of patients in the surgical intensive care unit.
17)
The incidence of hypomagnesemia in our study seems to be very low, because the amount of fluid administration and transfusion might be less than other studies. Third, causes of postoperative hypomagnesemia in patients undergoing spinal surgery may be due to excessive urinary magnesium loss from diuretics or surgical stress. If this were an important mechanism for hypomagnesemia, one would expect a correlation between the urine magnesium loss and a magnesium serum levels. However, urine Mg losses did not correlate with changes in either ionized or total serum magnesium levels. In hypomagnesemic patients with normal renal function, FEMg is a very useful diagnostic tool. A value more than 4% is indicative of inappropriate magnesium loss, 21) but our result showed FEMg was only 2.7%.
Although, further studies are needed to evaluate the relationship between hypomagnesemia symptom and magnesium concentration, we found the following characteristics regarding magnesium changes: Total and ionized magnesium concentrations decreased significantly (8.5% and 3.4%, respectively) as compared with preoperative values.
In conclusion, the incidence of total hypomagnesemia was 13%, but the incidence of ionized hypomagnesemia was only 3% after spinal surgery. And main cause of postoperative hypomagnesemia in spinal surgery might be a dilution effect, because chelation was negligible by minimal transfusion and low FEMg. Therefore, it will be better to waiting for fluid redistribution than magnesium replacement after spinal surgery.
